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isopycnics at t=30,40,50,60,70,80,100 and 200 (Cat.3.1)

NASA/CR—2003-212388 5

1 2 3 4

5 6 7 8



0 00 0 25 0 50 0 75 1 00
26 0

20 0

14 0

8 0

fn

Pn

0 100 200 300
8 0

6 0

4 0

2 0

x

ln u

NASA/CR—2003-212388 6



0 100 200 300
0 0

15 0

30 0

45 0

x

0 00 0 25 0 50 0 75 1 00
9 0

3 0

3 0

9 0

u

y

NASA/CR—2003-212388 7



1 2 0 6 0 0 0 6 1 2
9 0

3 0

3 0

9 0

y

NASA/CR—2003-212388 8



NASA/CR—2003-212388 9

vorticity

p

rho

u

v



NASA/CR—2003-212388 10

p v



isobars for a vortex passing through shocks, with 
acoustic waves generated.
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isobars at time step 410,000

psd09                                                                           

11 Sep 00 14:11:57

   0.00     1.00     2.00     3.00     4.00  

  -13.5  

  -10.5  

  -7.5   

  -4.5   

NASA/CR—2003-212388 13

nozzle

screech waves

shock cells



convergent 
section

conical divergent
section

throat

oscillating lamda shock
(Mach disc)

/4

Mj

F
(k

H
z)

0 0.5 1 1.5 2
0

2

4

6

8

10

12

14

(1)

(2)
Transonic
tones

Screech

Experimental

CE/SE

NASA/CR—2003-212388 14

λ



NASA/CR—2003-212388 15



NASA/CR—2003-212388 16



 I s o b a r  s n a p s hots, showing  generation of  near field  non−linear
           acoustic waves around the cavity.

( unstructured grid w. 77,600 triangles,  dt=.005)

isobars at t=390,000 steps, showing von Karman vortex street
at the trailing edges of a  blunt  slab
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The Space-Time Conservation Element and Solution Element Method, or CE/SE Method for short, is a recently
developed numerical method for conservation laws. Despite its second order accuracy in space and time, it possesses
low dispersion errors and low dissipation. The method is robust enough to cover a wide range of compressible flows:
from weak linear acoustic waves to strong discontinuous waves (shocks). An outstanding feature of the CE/SE scheme
is its truly multi-dimensional, simple but effective non-reflecting boundary condition (NRBC), which is particularly
valuable for computational aeroacoustics (CAA). In nature, the method may be categorized as a finite volume method,
where the conservation element (CE) is equivalent to a finite control volume (or cell) and the solution element (SE)
can be understood as the cell interface. However, due to its careful treatment of the surface fluxes and geometry, it is
different from the existing schemes. Currently, the CE/SE scheme has been developed to a matured stage that a 3-D
unstructured CE/SE Navier-Stokes solver is already available. However, in the present review paper, as a general
introduction to the CE/SE method, only the 2-D unstructured Euler CE/SE solver is chosen and sketched in section 2.
Then applications of the 2-D and 3-D CE/SE schemes to linear, and in particular, nonlinear aeroacoustics are depicted
in sections 3, 4, and 5 to demonstrate its robustness and capability.
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